Record Display Form 



http://westbrs:8002fti^ 



□ 



Generate Collection 



L20: Entry 41 of 56 



File: USPT 



Jun 16, 



1998 



DOCUMENT- IDENTIFIER: US 5767103 A 
TITLE: Nitric oxide sequestrant 



Brief Summary Text (8) : 

Nitric oxide is synthesized in mammalian cells from the amino acid L-arginine by a 
family of enzymes, the nitric oxide synthases, via the L -arginine -nitric oxide 
pathway. Moncada et al. (1993) N. Engl. J. Med., 329:2002-2012. The production of 
nitric oxide via the nitric oxide - arginine pathway begins when a guanidine nitrogen of 
L-arginine undergoes a five-electron oxidation to yield the gaseous radical nitric 
oxide via an N.sup.w - hydroxy 1 - L - arginine intermediate. NADPH (nicotine adenine 
diphosphonucleotide, reduced) donates two electrons for the formation of this 
intermediate and one electron for its further oxidation. Both steps are catalyzed by 
nitric oxide synthase . In addition to the gaseous radical nitric oxide, L-citrulline 
is also produced. Molecular oxygen is incorporated into both the L-citrulline and the 
nitric oxide formed. Tetrahydrobiopterin is required for the oxidation of the 
intermediate, N.sup.w -hydroxyl -L -arginine , to L-citrulline. The amount of 
tetrahydrobiopterin required is substoichiometric with respect to the nitric oxide 
generated, provided that tetrahydrobiopterin can be regenerated from its oxidized 
form, quinonoid dihydrobiopterin . 

Brief Summary Text (10) : 

Under basal conditions, endothelium-derived nitric oxide is produced by cNOS, a 
calcium- and calmodulin-dependant nitric oxide synthase. Constitutive nitric oxide 
synthase is controlled by cell surface receptors and can be activated by a variety of 
vasodilators including acetylcholine, bradykinin, histamine and adenosine. This enzyme 
is always present in the vascular endothelium of mammals. The interaction of 
acetylcholine or bradykinin with their receptors on vascular endothelium results in 
production of intracellular calcium which stimulates cNOS . The nitric oxide formed 
from L-arginine diffuses to nearby smooth muscle cells where it stimulates the soluble 
guanylate cyclase, resulting in enhanced synthesis of cyclic guanosine monophosphate 
(cGMP) . The cGMP formed causes smooth muscle cells to relax. The formation of cGMP 
regulates physiological vascular tone, blood pressure and tissue perfusion by 
mediating endothelium-dependent relaxation and neural transmission. 

Brief Summary Text (12) : 

The synthesis of nitric oxide from L-arginine occurs in numerous cells and tissues. 
Examples of cells which produce nitric oxide include: neutrophils, megakaryocytes, 
Kupffer cells, macrophages, endothelial cells, hepatocytes, murine fibroblasts and 
EMT-6 cells. Examples of tissues that generate nitric oxide include: vascular smooth 
muscle, the brain, the adrenal gland, endocardium, peripheral and sensory nerves and 
the myocardium. Moncada et al . (1993) N. Engl. J. Med., 329: 2002-2012. 

Other Reference Publication (1) : 

J. A. Lorente, et al. " L-arginine Pathway in the Sepsis Syndrome"; Crit. Care Med.; 21: 
1287-1295 (1993) . 
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Detailed Description Text (48) : 

As a matter of convenience, the present device can be provided in a kit in packaged 
combination with predetermined amounts of reagents for use in assaying for an analyte. 
Where an enzyme is used as the label, the substrate for the enzyme or precursors 
therefor including any additional substrates, enzymes and cof actors and any reaction 
partner of the enzymic product required to provide the detectable signal can be 
included. In addition, other additives such as ancillary reagents can be included, for 
example, stabilizers, buffers, and the like. The relative amounts of the various 
reagents can be varied widely, to provide for concentrations in solution of the 
reagents which substantially optimize the sensitivity of the assay. The reagents can 
be provided as dry powders, usually lyophilized, including excipients, which on 
dissolution will provide for a reagent solution having the appropriate concentrations 
for performing the assay. The kit can also be contained in packaging material, such as 
air-tight foil, or various external containers known in the art. Such external 
containers can contain the device, reagents, and the instructions for use of the 
device . 
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Brief Summary Text (3) : 

The term tetrahydrobiopterin (BH.sub.4) or a derivative thereof, if not explicitly 
defined otherwise, always refers to all natural and unnatural stereoisomeric forms of 
tetrahydrobiopterin, pharmaceutically compatible salts thereof and any mixtures of the 
isomers and the salts. The term tetrahydrobiopterin also includes any precursors of 
tetrahydrobiopterin, especially 7 , 8 -dihydrobiopterin . (6R) -tetrahydrobiopterin is a 
naturally occuring cof actor of the aromatic amino acid hydroxylases and is involved in 
the synthesis of the three common aromatic amino acids tyrosine, phenylalanine, 
tryptophan and the neurotransmitters dopamine and serotonin. It is also essential for 
nitric oxide synthase catalysed oxidation of L-arginine to L-citrullin and nitric 
oxide. Tetrahydrobiopterin is involved in many other biochemical functions, many of 
which have been just recently discovered. 
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ABSTRACT : 

A method for treating a subject who would benefit from increased nitric oxide 
production comprising administering inhibitors of Hmg-CoA-Reductase is disclosed for 
the treatment of diseases related to endothelial dysfunction. 

14 Claims, 2 Drawing figures 
Exemplary Claim Number: 1 
Number of Drawing Sheets : 2 



BRIEF SUMMARY: 

1 BACKGROUND OF THE INVENTION 

2 This invention relates generally to a method of treating 
cardio-cerebrorenovascular disease as well as avoiding potential 
cardiocerebrorenovascular disease, and the symptoms thereof, wherein a substrate 
of Nitric Oxide Synthase ("NOS") and an agonist of NOS are combined to produce a 
beneficial effect. 

3 DESCRIPTION OF RELATED ART 

4 Much focus in the area of cardiac disease has been on the presence of cholesterol 
in the body. Hypercholesterolemia is known to be a primary risk factor for death 
from coronary heart disease. It is known that 50% or more of the total body 
cholesterol in humans is derived from intrinsic biosynthesis. It is also known 
that a rate-limiting step of major significance in the biosynthesis of cholesterol 
is at the level of the enzyme known as 3 -hydroxy- 3 -me thylglutaryl- coenzyme A 
reductase or Hmg-CoA reductase. A general class of compounds is known in the art 
which inhibit and reduce the intrinsic biosynthesis of cholesterol in order to 
reduce the risk factor of hypercholesterolemia and coronary artery death. This 
general class of compounds is known as inhibitors of Hmg-CoA reductase. 

5 An alternative approach to treating cardiac disease is to effect the dilation of 
vascular conduits in the body. In this regard, nitric oxide has been shown to be 
formed enzymatically as a normal metabolite from arginine in vascular endothelium 
and provides an important component to the formation of endothelium-derived 
relaxing factor (EDRF) . EDRF appears to be equivalent to Endothelium Derived 
Nitric Oxide (EDNO) and as used herein EDRF and EDNO are interchangeable unless 
otherwise indicated. Macrophages and neurons have also been shown to produce 
nitric oxide in the body as a component of their cell killing and/or cytosolic 
function. 

6 Recently it has been established that a family of enzymes called Nitric Oxide 
Synthase ("NOS") form nitric oxide from L-arginine, and the nitric oxide produced 
is responsible for the endothelium dependent relaxation and activation of soluble 
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guanylate cyclase, nuerotransmission in the central and peripheral nervous 
systems, and activated macrophage cytotoxicity. 

7 Nitric Oxide Synthase, occurs in many distinct isoforms which include a 
constitutive form (cNOS) and an inducible form (iNOS) . The constitutive form is 
present in normal endothelial cells, neurons and some other tissues. Formation of 
nitric oxide by the constitutive form in endothelial cells is thought to play an 
important role in normal blood pressure regulation, prevention of endothelial 
dysfunction such as hyperlipodemia, arteriosclerosis, thrombosis, and restenosis. 
The inducible form of nitric oxide synthase has been found to be present in 
activated macrophages and is induced in vascular smooth muscle cells, for example, 
by various cytokines and/or microbial products. 

8 The conversion of precursor substrates of EDNO such as L-arginine into nitric 
oxide is enzymatically catalyzed by NOS and the resulting by-product of the 
conversion of L-arginine is L-citrulline . Although it was initially described in 
endothelium, NOS activity has now been described in many cell types. Brain, 
endothelium, and macrophage isoforms appear to be products of a variety of genes 
that have approximately 50% amino acid identity. NOS in brain and in endothelium 
have very similar properties, the major differences being that brain NOS is 
cytosolic and the endothelial enzyme is mainly a membrane-associated protein. 

9 Functionally, the constitutive form of Nitric Oxide Synthase ("cNOS"), which is 
the predominant synthase present in brain and endothelium, may be active under 
basal conditions and can be further stimulated by increases in intracellular 
calcium that occur in response to receptor-mediated agonists or calcium 
ionophores. cNOS appears to be the "physiological" form of the enzyme and plays a 
role in a diverse group of biologic processes. In vitro studies suggest that the 
activity of nitric oxide synthase can be regulated in a negative feedback manner 
by nitric oxide itself. In cardiocerebrorenovascular circulation, the primary 
target for constitutively produced nitric oxide is believed to be soluble 
guanylate cyclase located in vascular smooth muscle, the myocardium (myocytes) and 
coronary vascular smooth muscle. 

10 In contrast to the cNOS, the inducible, calcium- independent form, iNOS was 
initially only described in macrophages. It is now known that induction of nitric 
oxide synthase can occur in response to appropriate stimuli in many other cell 
types. This includes both cells that normally do not express a constitutive form 
of nitric oxide synthase, such as vascular smooth muscle cells, as well as cells 
such as those of the myocardium that express considerable levels of the 
constitutive isoform. 

11 iNOS exhibits negligible activity under basal conditions, but in response to 
factors such as lipopolysaccharide and certain cytokines, expression occurs over a 
period of hours. The induced form of the enzyme produces much greater amounts of 
NO than the constitutive form, and induced NOS appears to be the 

"pathophysiological" form of the enzyme because high concentrations of NO produced 
by iNOS can be toxic to cells. Induction of iNOS can be inhibited-by 
glucocorticoids and some cytokines. Relatively little is known about 
postranscriptional regulation of iNOS. Cytotoxic effects of NO are probably 
largely independent of guanylate cyclase and cyclic GMP formation. Most of the 
research in the area has focused on inhibitors of iNOS stimulation using various 
derivatives of L-arginine. 

12 Research into the area of cNOS activation reveals a number of agonist of cNOS some 
of which have been described in U.S. Pat. No. 5,54 3,43 0, which is hereby 
incorporated by reference in its entirety. However, until now there was no known 
research indicating Hmg-CoA reductase inhibitors were capable of functioning as 
agonist of cNOS. 

13 SUMMARY OF THE INVENTION 

14 The term "subject" as used herein to mean any mammal, including humans, where 
nitric oxide formation from arginine occurs. The methods herein for use on 
subjects contemplate prophylactic use as well as curative use in therapy of an 
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existing condition. 

15 The term "native NO" as used herein refers to nitric oxide that is produced 
through the bio-trans formation of L-arginine or the L-arginine dependent pathway. 
"EDRF" or "EDNO" may be used interchangeably with "native NO". The term endpoints 
as used herein refers to clinical events encountered in the course of treating 
cardiovascular disease, up to and including death (mortality) . 

16 L-arginine as used herein includes all biochemical equivalents (i.e. salts, 
precursors, and its basic form) . L-arginine as defined herein appears to function 
as a substrate of cNOS. 

17 "To mix", "mixing", or "mixture(s)" as used herein means mixing a substrate (i.e. 
L-arginine) and an agonist (i.e. Hmg-CoA reductase inhibitor): 1) prior to 
administration ("in vitro mixing"); 2) mixing by simultaneous and/or consecutive, 
but separate (i.e. separate intravenous lines) administration of substrate 
(L-arginine and agonist to cause "in vivo mixing"; and 3) the administration of a 
NOS agonist after saturation with a NOS substrate (i.e. L-arginine is administered 
to build up a supply in the body prior to administering the NOS agonist 
(nitroglycerin or Hmg-CoA reductase) ) ; or any combination of the above which 
results in the combination of therapeutic amounts of a NOS agonist and a (NOS 
substrate in an additive or synergistic way with regard to the treatment of 
vascular disease. 

18 Agonist refers to an agent which stimulates the bio-transformation of a substrate 
such as L-arginine to EDNO or EDRF either through enzymatic activation or 
increasing gene expression (i.e. increased protein levels of c-NOS) . Of course, 
either or both of these mechanisms may be acting simultaneously. 

19 It is an object of this invention to provide a method of preventing, treating, 
arresting, or ameliorating disease conditions which are benefited by the 

bio- transformation of a substrate into endogenous nitric oxide or "native" nitric 
oxide . 

2 0 It is another object of this invention to provide a method of preventing, 

treating, arresting, or ameliorating disease conditions which are benefited by the 
bio-transformation of L-arginine into "native" nitric oxide through enzyme 
activation of NOS. 

21 It is another object of this invention to ameliorate or avoid tachycardia and 
prevent or treat ischemia. 

22 It is another object of this invention to achieve a beneficial effect when 
treating disease conditions by increasing or maximizing the production of "native" 
nitric oxide, and reducing clinical endpoints to include mortality. 

23 It is another object of this invention to prevent reperfusion injury in subjects 
who have had abrupt restoration of blood flow. 

24 It is a further object of this invention to provide a mixture of inhibitors of 
Hmg-CoA reductase and biological equivalents of L-arginine for the treatment of 
hypertension, hypertensive heart disease, coronary heart disease, including 
arteriosclerosis, angina, myocardial infarction, coronary thrombosis, restenosis 
post angioplasty, and sudden death, as well, as a wide range of cardiovascular 
disease ( heart failure, stroke, and peripheral vascular diseases) , and 
renovascular ischemia /hypertension . 

2 5 These and other objects of this invention are provided by one or more of the 
embodiments provided below. 

26 In one embodiment of the invention, therapeutically effective amounts of a 

precursor of EDNO and an agonist of NOS are combined prior to administration to a 
patient. In another embodiment of the invention, therapeutically effective amounts 
of a precursor of EDNO and an agonist of NOS are combined prior to administered 
separately and mixed "in vivo". 
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27 In another embodiment of the invention, therapeutically effective amounts of 
L-arginine and inhibitors of Hmg-CoA reductase are mixed at a physiologically 
acceptable pH and administered to a patient. 

28 In another embodiment of the invention a method for treating hypertension in a 
subject by vasodilation or vasorelaxation comprises: selecting a hypertensive 
subject; administering L-arginine and Hmg-CoA reductase inhibitors to the subject; 
obtaining- periodic blood pressure measurements of the subject; and continuing 
administration of L-arginine and Hmg-CoA reductase inhibitors until a desirable 
blood pressure or therapeutic effect is detected in the subject. A desirable blood 
pressure in a hypertensive subject should ultimately be within the following 
ranges: systolic preferably in the range of 95-18 0 mmHg, more preferably in the 
range of 105-165 mmHg, and even more preferably in the range of 120 to 140 mmHg; 
and diastolic preferably in the range of 55-115 mmHg, more preferably in the range 
of 65-100 mmHg, and even more preferably in the range of 70 to 90 mmHg, and most 
preferably 75-85 mmHg. Under no circumstances should the systolic be permitted to 
go below 95 mmHg. 

29 Another embodiment of the present invention is a method for preventing or treating 
cardiovascular disease in a non-hypertensive subject by vasodilation or 
vasorelaxation comprising: selecting a subject; administering to said subject a 
formulation comprising a mixture of an inhibitor of Hmg-CoA reductase and an 
endothelium dependent source of nitric oxide (i.e., L-arginine); obtaining 
periodic measurements of vasorelaxation on the subject and; continuing 
administration of the formulation until a desirable state of vasorelaxation or 
desirable therapeutic effect is detected on the subject. A desirable state-of 
vasorelaxation is for example a lowering of the systolic by about 2 0 mmHg and a 
lowering of the diastolic by about 10 mmHg. Under no circumstances should the 
systolic be lowered less than 95 mmHg. 

3 0 Yet another embodiment is a method for stimulating cNOS in a subject which 
comprises: selecting a subject; administering to said subject a formulation 
comprising a mixture of L-arginine and inhibitors of Hmg-CoA reductase, so as to 
maximize "native" NO production and reduce endpoints to include mortality. 



DRAWING DESCRIPTION: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of the proposed NOS activation pathway. 
FIG. 2 is a bar graph illustrating the stimulation of NOS with pravastatin. 



DETAILED DESCRIPTION: 

1 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

2 From the data presented herein it appears that inhibitors of Hmg-CoA reductase may 
have dual applicability in the treatment of hypertension and cardiovascular 
diseases such that they act as both an inhibitor of the intrinsic biosynthesis of 
cholesterol and a stimulator or agonist of nitric oxide synthase. The fact that 
Hmg-CoA reductase may be agonist or stimulant of nitric oxide synthase has 
remarkable implications. Mixing inhibitors of Hmg-CoA reductase "in vitro" or "in 
vivo" with L-arginine has been found to have an unforeseen beneficial effect that 
is most likely due to excess L-arginine providing additional substrate for the 
nitric oxide synthase and the NOS being catalyzed to enzymatically increase the 
bio-transformation of L-arginine into nitric oxide. 

3 Stimulation of NOS in the presence of excess L-arginine or other substrate 
precursor of native NO (EDRF or EDNO) may be used to prevent, treat, arrest, or 
ameliorate any disease or condition which is positively affected by NO production. 



8 of 14 



11/20/03 7:40 AM 



Record Display Form 



wysiwyg://detail. 1 77/http://westbrs:8002...LL&p_Message=&p_doccnt=l &p_doc_l=PTFFULL 



Such conditions include hypertensive cardiocerebrorenovascular diseases and their 
symptoms as well as non-hypertensive cardiocerebrorenovascular diseases. The 
mixture is particularly useful for subjects in need of native NO production. 
Application of such a mixture is beneficial for: (1) Chronic stable angina ; (2) 
Unstable angina ; (3) Acute myocardial infarction ; (4) Hibernating myocardium; (5) 
Stunned myocardium; (6) Limitation of ventricular remodeling in post myocardial 
infarction and subsequent risk of congestive heart failure; (7) Prophylaxis of 
recurrent myocardial infarction ; (8) Prevention of sudden death following 
myocardial infarction ; (9) Vasospastic angina ; (10) Congestive heart 
failure-systolic-seen in association with 1-6 above; (11) Congestive heart 
f ailure-diastolic-seen in association with 1-10 above and 12-15 below; (12) 
Microvascular angina seen in association with 1-11 above and 15 and 16 below; (13) 
Silent ischemia seen in association with 1-12 above and 15 and 16 below; (14) 
Reduction of ventricular ectopic activity seen in association with 1-13 above and 
15 below; (15) Any or all of the above 1-14 states of ischemic myocardium 
associated with hypertensive heart disease and impaired coronary vasodilator 
reserve; (16) control of blood pressure in the treatment of hypertensive crisis, 
perioperative hypertension, uncomplicated essential hypertension and secondary 
hypertension ; (17) Regression of left ventricular hypertrophy seen in association 
with 15 and 16 above; (18) Prevention and or regression of epicardial coronary 
arteriosclerosis seen in 1-17 above; (19) Prevention of restenosis post 
angioplasty; (20) Prevention and/or amelioration of free radical mediated 
reperfusion injury in association with 1-19 above; (21) Use of the combination in 
the prevention of myocardial injury during cardioplegic arrest during coronary 
bypass or other open heart surgery i.e. use of the combination as a cardioplegic 
solution; (22) Post transplant cardiomyopathy; (23) Renovascular ischemia; (24) 
Cerebrovascular ischemia (TIA) and stroke) ; and (25) Pulmonary hypertension . 

4 Vascular smooth muscle cells are located mainly in veins, arteries, and coronary 
arteries. The following discussion focuses on smooth muscle and myocyte relaxation 
stimulated by vasodilators. As discussed above the nitric oxide synthase in the 
cells is normally cNOS, the constitutive form of nitric oxide synthase, and the 
generator cells are endothelial cells and the target cells are vascular smooth 
muscle cells. FIG. 1 is a schematic illustration and is not intended to imply any 
cellular relationship or geography of the various sites of action, but rather 
meant to illustrate their functional relationship. 

5 The principle combination to be employed will be a mixture that involves 
therapeutic concentrations of L-arginine and a Hmg-CoA reductase inhibitor in 
water. Any pharmaceutical grade L-arginine will be sufficient and should be 
diluted preferably to 2.5-60% w/v (g/ml) , more preferably to 5-45% w/v (g/ml) , 
even more preferably between 7.5-30% w/v (g/ml), even more preferably to 10-15% 
w/v (g/ml), and most preferably 10% w/v (g/ml) L-arginine. The typical doses 
anticipated will be 30 grams of L-arginine in sterile water (Total Volume 300 cc) . 
L-arginine is anticipated eventually to be approximately 10:1 to about 25:1 of the 
hydrochloride salt to L-arginine as a base, and even more preferably 15:1 to about 
20:1 hydrochloride salt to base, and most preferably 15:1 hydrochloride salt to 
base. In this example 28 to 29 grams will be the hydrochloride salt and 1 to 2 
grams of L-arginine will be base. 

6 L-argiriine may be used in conjunction with virtually any of the family of those 
substances known as Hmg-CoA reductase inhibitors. Those particular Hmg-CoA 
reductase inhibitors most preferred for use in conjunction with the present 
formulation as selected from the group consisting of: simvastatin, lovastatin, 
pravastatin, compactin, fluvastatin, dalvastatin, HR-780, GR-95030, CI-981, BMY 
22089, and BMY 22566. U.S. Pat. No. 5,316,765 cites a number of these Hmg-CoA 
reductase inhibitors and is hereby incorporated by reference in its entirety. In 
particularly preferred embodiments of the present invention, the Hmg-CoA reductase 
inhibitor utilized is pravastatin or lovastatin. In an even more particularly 
preferred embodiments, the administration of the present invention includes the 
Hmg-CoA reductase inhibitor pravastatin. 

7 As part of a "mixture", the Hmg-CoA reductase inhibitor is included together with 
L-arginine and clinically effective weight ratios of between 1:2 to 1:150. Even 
more particularly, the ratio of the Hmg-CoA reductase Larginine in the formulation 
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is between 1:5 to 1:100. The most preferred embodiment of the "mixture" the ratio 
of Hmg-CoA reductase inhibitor, most particularly pravastatin, to L-arginine is 
1:50. The range of ratios of an Hmg-CoA reductase inhibitor to L-arginine may be 
employed with virtually any Hmg-CoA reductase inhibitor. 

8 Where the particular Hmg-CoA reductase inhibitor is pravastatin, the ratio of 
pravastatin to L-arginine is preferably within the range 1:2 to 1:50, Wt/Wt. For 
example, pravastatin/L-arginine at a ratio of 1:2 would include 4 0 mg/day 
pravastatin with 80 mg/day L-arginine. Where the ratio of pravastatin/L-arginine 
is at a ratio of 1:20, for example, 20 mg/day pravastatin would be administered 
with 400 mg/day L-arginine. Weight ratio of ingredients described herein in regard 
to the Hmg-CoA reductase inhibitors, lovastatin and pravastatin are applicable for 
any Hmg-CoA reductase inhibitor. The amounts above have been found to be 
effective, however, each route of administration (i.e. IV, oral, transdermal, 
etc.) will vary in their requirements. 

9 Even more particularly, the presently disclosed "mixtures" may be described in 
terms of their relative concentrations (grams) administered as part of a 
continuous daily and/or monthly regimen. In one particular embodiment, the 
formulation is administered so as to provide the patient with between 20-40 
milligrams per day of the Hmg-CoA reductase inhibitor (i.e., pravastatin) together 
with a daily dose of L-arginine of between 100 to 200 mg per day. Most preferably, 
the Hmg-CoA reductase inhibitor, such as lovastatin, is administered at a daily 
dose of about 2 0 mg per day together with a dose of about 2 00 mg per day 
L-arginine. This particular embodiment of the claimed formulation should maintain 
within the patient efficient levels of the formulation. 

10 By way of example only, Table 1 presents a listing of several inhibitors of 
Hmg-CoA reductase. These substances vary in their potency and their abilities to 
inhibit Hmg-CoA. 



TABLE 1 
Simvastatin 
Lovastatin 
Pravastatin 

Compact in (a.k.a., mevastatin) 

Fluvastatin 

Dalvastatin 

GR-95030 

HR-780 

SQ 33,600 

BMY 22089 

BMY 22566 

CI 981 



11 The Hmg-CoA reductase inhibitors of the present invention are also characterized 
by an ability to stimulate receptor-mediated clearance of hepatic low-density 
lipoproteins (LDL) , as an anti-hypercholesterolemic , and as a competitive 
inhibitor of Hmg-CoA reductase. 
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12 The Hmg-CoA reductase inhibitor employed may be lovastatin, simvastatin, 
pravastatin, XU-62-320 (Sodium 3 . 5-dihydroxy-7 

[3- (4-f luorophenyl) -1 (methylethyl) -IH-Indole-2yl] -hept-6-enoate) , mevastatin 
(a.k.a., compactin) , BNY 22089, CI-981, SQ 33,600, BMY 22089, CI 981, HR 780, SQ 
33,600 or any other member of the class of compounds that inhibit Hmg-CoA 
reductase. The preparation of lovastatin, simvastatin, and pravastatin have been 
described in the patent literature. The preparation of XU-62-320 (f luvastatin) is 
described in WIPO Patent W084/02131. BMY 22089(13), CI 981(14), HR 780(15), and SQ 
33,600(16) are also described in the literature cited, and are specifically 
incorporated herein by reference for the purpose of even more fully describing the 
chemical structure and synthesis of these Hmg-CoA reductase inhibitors. These 
methods of preparation are hereby incorporated by reference in their entirety. 

13 Also within the scope of those Hmg-CoA reductase inhibitors of the present 
invention are included the bio-active metabolites of those compounds listed in 
Table 1, such as pravastatin sodium (the bio-active metabolite of mevastatin) . 

14 Any one or several of those Hmg-CoA reductase inhibitor compounds listed in Table 
1 pravastatin may be mixed with L-arginine or substrate precursor to endogenous 
nitric oxide to provide a therapeutically effective treatment for a patient. 

15 Until now there was no link between the bio-transformation of L-arginine into 
"native" nitric oxide and anti-hypocholesterolemic Hmg-CoA reductase inhibitors. 
However, it is now believed that Hmg-CoA reductase inhibitors has a stimulating 
effect on cNOS. The mechanism is not well understood but it appears the mixture of 
inhibitors of Hmg-CoA reductase and L-arginine may have a heretofore unexpected 
synergistic effect on cNOS stimulation. The stimulation of cNOS may be a result of 
cNOS having a unique receptor site for Hmg reductase inhibitors or inhibitors of 
Hmg-CoA reductase initiating a cascade of events which stimulate NO. Administering 
the two also provides adequate substrate for cNOS processing of L-arginine since 
the L-arginine is added in excess while at the same time stimulation the enzymatic 
activity of NOS . Whether it is a synergistic effect or additive effect, what is 
clear is that "mixing" a precursor substrate of "native" nitric oxide with a 
Hmg-CoA reductase inhibitor results in a heretofore unexpected increase in NO 
production. This unexpected affect is demonstrated in the example below. 

16 EXAMPLE 

17 The direct effects of acteylcholine and pravastatin on NO production in bovine 
aortic endothelial cells (BAEC) was determined using a highly sensitive 
photometric assay for conversion of oxyhemoglobin to methemoglobin . NO oxidize; 
oxyhemoglobin (HbO.sub.2) to methemoglobin (metHb) in the following reaction 
HbO.sub.2 +NO-metHb+NO. sub. 3 . The amount of NO produced by endothelial cells was 
quantified by measuring the change in absorbance as HbO.sub.2 oxidizes to metHb. 
Oxyhemoglobin has a absorbance peak at 415 nm, while metHb has a 4 06 nm absorbance 
peak. By subtracting the absorbance of metHb from HbO.sub.2, the concentration of 
NO can be assessed. The general method was patterned after that of Feelisch et 
al., (Biochem. and Biophy. Res. Comm. 1991/ 180, Nc 1:286-293). 

18 For this assay, endothelial cells were isolated from bovine aortas. BAECs were 
grown to confluency in 150 mm plates (Corning) using Medium 199 supplemented with 
penicillin G (100 mL.sup.-l), streptomycin (100 mg mL.sup.-l), glutamine (100 mg 
mL.sup.-l), thymidine (100 mg mL.sup.-l), and 10% fetal calf serum (Gibco) . Upon 
confluency, cells will be washed twice with a 1% phosphate buffered saline/EDTA 
solution. Tripsin/EDTA was added and the cells were kept at 37. degree. C. until 
the cells become rounded thus signaling detachment from the plate. An equal amount 
of trypsin inhibitor was added to inhibit any further trypsin activity that might 
damage the cells. The cells were pelleted by spinning at 150-200 g for 5 min. 
Cells were resuspended in culture medium and approximately 10. sup. 7 of these cells 
were used to inoculate 0.5 g of micro-carrier beads (Cytodex #3). Cells, beads and 
medium was transferred to a spinner flask (Wheaton) where the culture sat 
undisturbed at 37. degree. C. with 95% 0.sub.2 and 5% CO. sub. 2 for 29 min then spun 
(20 rpm) in this same environment for 1 min. This sitting cycle allowed for cell 
adherence to the beads while the spinning created an even distribution of cells 
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and beads. After 4 hrs of this attachment phase, the spinner flask was left on the 
stirrer at slow speed for 2-3 days for uniform cellular coating of beads. 

19 Beads/cells were rinsed twice and then suspended in a Hepes-buf f ered Krebs -Ringer 
solution containing all necessary co-factors. To prevent a reaction between NO and 
superoxide (0.sub.2), superoxide dismutase (200 U/ml) was added to the buffer. 
Catalase (100 U/ml) will be added to decompose hydrogen peroxidase, keeping the 
hemoglobin active. Two ml of EC/beads were placed into a water- jacketed 
chromatography column (Pharmacia) and superfused at 2 ml/min with Hepes-buf f ered 
Krebs -Ringers solution containing 3 uM oxyhemoglobin. The perfusate was then 
directed into a flow- through cuvettte in a dual wavelength spectrophotometer and 
absorbance was measured to determine the basal and stimulated NO release. A 
parallel column circuit was filled with only beads (no cells) to determine basal 
and spontaneous release of NO in this system without cells. Vehicle (buffer w/o 
agent ) did not cause a change in absorbance when infused into the cell -bead 
column. 



2 0 Experimental stimulation were carried out by 3 min infusion periods of 

acetylcholine (ACH) or pravastatin (PRA) added to buffer perfusion using a micro 
syringe pump at a rate of 45 ul/min to yield a final concentration of 10. sup. -6 
and 10. sup. -5 M for ACH and 10. sup. -6 and 10. sup. -5 M for PRA in the buffer. The 
effects of buffer containing L-Name (10. sup. -3 M) in blocking the actions of these 
drug agents and then a buffer without L-NAME but with excess L-arginine (10. sup. -3 
M) in reversing any L-NAME effect was examined. Each drug agent concentration was 
given twice for each of the three buffer systems; a period of 10 min was allowed 
between infusion of agents . Our data demonstrate that this cell perfusion and 
monitoring system remains stable for at least 4-6 hours. At the end of each 
experiment, cell viability was checked using trypan blue exclusion. 

21 For analysis, we determined the area under the curve for the change in absorbance 
response/unit time (min) caused by each agent above baseline levels and calculated 
metHb production using an extinction coefficient of 39 mM.sup.l. During the 3 min 
infusion of agents, absorbance increases rapidly. Changes in absorbance to these 
agents usually persist from 2-8 mins depending on the size of the response before 
returning to baseline levels. We assume a one to one correspondence for NO and 
metHb production, the known stoichiometric balance for this reaction. We also 
determined changes in basal NO production during perfusion with each of the buffer 
systems. Basal NO values were subtracted from any drug-induced responses to 
determine NO production which results from the drug's actions. Table 2 recites the 
results of these experiments. 



TABLE 2 

Basic Buffer 10. sup. -3 M L-NAME 10. sup. -3 M L-arginine 
(absolute production of NO in nmole* min) 

10 .sup. -6 M Ach 197.60 72.20 330.60 

10. sup. -5 M Ach 619.40 288.80 756.20 

10. sup. -6 M Prav. 163.40 45.60 201.40 

10. sup. -5 M Prav. 513.00 209.00 752.40 



22 FIG. 2 is a bar graph of the data generated which illustrates the effects of 

acetylcholine and pravastatin (10. sup. -6 and 10. sup. -5 M) administered for 3 min 
periods into the cell/bead perfusion system on NO production with: 1) 10. sup. -5 M 
L-arginine in control (basic) buffer, 2) 10. sup. -3 M of L-NAME in buffer, and 3) 
10. sup. -3 M of L-arginine in buffer. Responses are transient elevations in NO 
production above basal levels. Data for responses in L-NAME and L-arginine 
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augmented buffer are presented as percent of response in control buffer (100%) ; 
numbers in basic buffer bars indicate absolute production of NO in nmole *min. The 
remaining two bars denote differences between responses in L-NAME buffer vs both 
basic and L-arginine added buffers. 

23 The effects of pravastatin on activity of endothelial cells in producing NO were 
compared with those of acetylcholine, which is known to specifically stimulate NO 
production by NOS activity. Adding acetylcholine to the buffer superfusion bovine 
aortic endothelial cells (BAECs) grown on beads increased their production of NO 
as measured by oxidation of oxyhemoglobin to methemoglobin (FIG. 2) Acetylcholine 
produced a transient, concentration-related increase in NO above baseline levels. 
In basic buffer containing 5 . times . 10 . sup . -5 M L-arginine, and there was 
approximately a two fold increase in NO production between 10. sup. -5 M L-arginine, 
there was approximately a two fold increase in NO production between 10. sup. -5 and 
10. sup. -6 M acetylcholine. Subsequent treatment of these cells with buffer 
containing L-NAME, 10. sup. -3 M markedly reduced acetylcholine- induced production 
of NO by 80%. When this L-NAME buffer was replaced with another containing 
increased L-arginine (10. sup. -3 M) , acetylcholine-elicited production of NO 
returned to control levels. 

24 Pravastatin also caused a concentration-related increase in NO production above 
baseline levels. There was a larger increment in response to the 10. sup. -5 M 
concentrations of pravastatin (.about. 3 X) compared with that of acetylcholine. 
Superfusion of the cell suspension with L-NAME (10. sup. -3 M) , also blunted NO 
production in response to pravastatin. This suggests that NO production is due at 
least in part to NOS activity. Subsequent perfusion of the cells with a buffer 
containing L-arginine 10. sup. -3 M resulted in a return in NO production to a level 
above the amount induced by. the Pravastatin in control (basis) buffer. This 
restoration of response to Pravastatin after L-arginine addition was greater than 
that observed for acetylcholine. Administration of Pravastatin or acetylcholine 
into a perfusion system containing only beads without cells did not induce 
metHb/NO production. 

25 As can be seen from Table 2 and FIG. 2, pravastatin appears to stimulate cNOS in 
much the same way as other NOS agonist described in U.S. Pat. No. 5,543,430 
independent of its inhibitory effect on cholesterol biosynthesis. 

2 6 Although the preferred methods have been described in detail, it should be 

understood that various changes, substitutions, and alterations can be made in the 
present invention as defined by the claims appended hereto. For example, other 
cNOS agonist may be identified. An example of a contemplated formulation is a 
mixture of estrogen and L-arginine since preliminary data indicates that estrogen 
may be functioning as a NOS agonist. The present invention is defined by the 
claims attached hereto. 

CLAIMS : 

What is claimed is: 

1. A method for treating a subject who would benefit from increased Nitric Oxide 
production in a tissue comprising: administering to the subject in need of such 
treatment, irrespective of the subject's cholesterol level, a Hmg-CoA reductase 
inhibitor in an amount effective to increase Nitric Oxide production in said 
tissue of the subject. 

2. The method of claim 1 wherein the subject is nonhyperlipidemic . 

3. The method of claim 2 wherein said amount is sufficient to increase Nitric 
Oxide production above normal baseline levels. 

4. The method of claim 2 wherein the subject has a cytokine -induced condition 
comprising an abnormally low level of nitric oxide synthase activity. 

5. The method of claim 2, wherein the subject has an abnormally elevated risk of 
pulmonary hypertension . 
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6. The method of claim 2, wherein the subject has pulmonary hypertension , 

7. The method of claim 1 wherein the subject has a condition comprising an 
abnormally low level of endothelial cell Nitric Oxide Synthase activity. 

8. The method of claim 1 wherein the Hmg-CoA reductase inhibitor is selected from 
the group consisting of simvastatin, lovastatin, pravastatin, compactin, 
fluvastatin, and dalvastatin. 

9. The method of claim 1 wherein the Hmg-CoA reductase inhibitor is simvastatin . 

10. The method of claim 1 wherein the Hmg-CoA reductase inhibitor is lovastatin. 

11. The method of claim 1 wherein the Hmg-CoA reductase inhibitor is pravastatin. 

12. The method of claim 1 wherein the Hmg-CoA reductase inhibitor is fluvastatin. 

13. The method of claim 1 wherein the Hmg-CoA reductase inhibitor is dalvastatin. 

14. The method of claim 1 wherein the Hmg-CoA reductase inhibitor is compactin. 
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DOCUMENT- IDENTIFIER: US 5766909 A 

TITLE: DNA encoding inducible nitric oxide synthase 



Detailed Description Text (2) : 

The present invention relates to unique cDNA encoding inducible nitric oxide 
synthase (iNOS) which is isolated and purified from macrophages, macrophage like 
cells and macrophage cell lines. Isolated and purified inducible NOS, as used 
herein, refers to an enzyme which in combination with cof actor (s) results in the 
generation of nitric oxide from L-arginine. The cof actors include, but are not 
limited to , NADPH and FMN and tetrahydrobiopterin . Other acceptable cof actors have 
been described by Stuehr, et al., Biochem. Biophys . Res. Comm. 168: 228-565 (1990). 
Enzyme activity is evaluated according to an assay described by Stuehr et al . , Proc . 
Natl. Acad. Sci. USA 88: 7773-7777 (1991). Enzymatically active refers to a protein 
which can catalyze the formation of nitric oxide and is capable of being induced in 
macrophage like cells and other cell types. Macrophage is defined herein as a cell 
of the mononuclear phagocytic system and includes both fixed and circulating 
phagocytic cells. It is also within the scope of this invention that iNOS cDNA or 
gene may be isolated from other phagocytic cells following induction with interferon 
gamma (IFN. gamma.) and bacterial lipopolysaccharide (LPS). Although the iNOS cDNA of 
this invention is described as being isolated from mouse cells, the same or 
substantially similar iNOS may be isolated from other mammalian cells, including 
human cells. Indeed, recent experiments have shown that a unique human brain cDNA 
segment (PCR product) which encodes a partial sequence of human cNOS has a deduced 
amino acid sequence that is very similar to the rat deduced sequence as shown in 
Bredt at al . , Nature 351: 714-718 (1991). Of the approximately 220 human cNOS amino 
acids characterized there were only three residues which were different. This 
indicates that human iNOS will have an amino acid sequence substantially similar to 
mouse iNOS even though the nucleotide sequences may not have equivalent 
similarities . 



